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VISUAL ANALYSIS— A MEANS OF EXPLORATION IN
STATISTICAL RESEARCH

A representative of the research division of a national
farm magazine made a visit to the Bureau of the Census for the
purpose of discussing tabulation of material which would be of
special value to advertisers using hls magazine as a medium.
T™e Census had a few months earlier made a subscriber study
for the company and as a result had on hand all of the material
previously prepared.

The representative was, of course, familiar with the methods
used in making that study. His purpose In making a personal
visit to the Census was to determine, as a preliminary to
further tabulating, what the results would be. Having know-
ledge of the preparation for the earlier study, he knew that
the Census was in position to furnish, In a matter of minutes,
a preview of the results to be expected in any suggested tabu-
lation of the material used. After having examined the results
of several proposed tabulations, he arranged for payment of
the costs and ordered selected tables prepared.

The representative was enabled to "gee" the results to be
accomplished because of the use in his study of a special card
which provided a means of visually analyzing the material on
hand. This visual analysis enabled the Census not only to
present the probable results of several specified tabulations,
but actua.lly‘ to show the representative approximately what
those results would be when tabulations of his material had
been made.

One of the questlons asked of the Bureau of the Census was
this—"Among our subscribers farms, what are some of the char-
acteristics which distinguish those on which tractors are used
as a source of farm power from those on which tractors are not
used?"

Previously, no tables had been prepared which could answer
this question, but within just a few minutes the Information,
applicable to the subscribers tarms included in the sample,
was supplied to the representative:

1. On most of the farms using tractors, the major source
of income 1is from field crops; next in importance
are those with major source from livestock sold or
traded; and third, those with major source of lncome
from dairy products.

2. late model tractors were found among livestock and
dairy farmers more often than among those whose major
source of income was from Crops.

3. Late model automoblles tended to accompany late model
tractors.

4. Livestock and field crop farms reporting tractors ranged
in size upward from 70 acres. Dairy farms ran smaller.

§. The majority of farms of over 140 acres reported trac-
tors.

6. Only a very small proportion of tarms of less than 70
acres reported tractors.

7. Farms without tractors reported fewer automobiles than
did the farms with tractors.

With this information the representative ordered three
separate tabulations which would show the numerical extent of
the principal relationships brought out in this preliminary
analysis.

1The tem of visusl, analysis described in this chapter was developed DY
Carl R. Nyz: and Orville C. Demaree of the Division of Agriculture, Bureau of the
Census. In a routine search of the Patent Office records made in the interest of
the Goverrnment, expired Letters Patent,. No. 1,150,793, were found issued to Charles
H. Talmadge on August 17, 1915, In the Jetters patent was described a card embody-
ing.a system of classification by means of peripheral slots similar to the cards
used in the illustrations accompanying this. article.

The researcher is very often faced with the problem of
determining which way to proceed. Glven a wide and detailed
knowledge of the subject with which to set up hypotreses the
researcher can proceed great distances into uncharted flelds.
As the development of the project proceeds, however, problems
arise. One of these 1s that of wasted effort. A long series
of tabulations and computations completed and found somewhat
short of supporting the hypothesis may prove, for example, that
certain factors do not influence the final result to a signifi-
cant extent. This information may be valuable, but often must
be considered as wasted effort to the extent that it could
have been avolded In other words, if a shorter and more effi-
cient means of determining the lack of iInfluence of these
tactors had been used, the same results would have been known
more quickly and at less cost.

Another problem arising 1s one 1nvolved simply with the
completeness of the analysis. In proceeding with research and
analysis with a given amount of data, when 1s the problem
finished, or, when have all important factors been considered?
With only three or four items or characteristics involved, the
answer to this question can very often be obtained in a rela-
tively short time. But 1n any analysis involving Census data
when dozens of items of information bearing on certalin subjects
are avallable, the question 1s very definite. The selectlon,
in advance, of all of the characteristics which will be required
to complete the study, or the selection of those which have the
most bearing on the problem in question, are of paramount im-
portance. The funds available for a glven project very often
1imit the study to the completion of a single plammed attack.
W¥hen, upon nearing the completion of the project, the analyst
discovers other characteristics which look promising and he 15
wnable to use them 1in place of some which proved of little
value to his study, he is 1ikely to feel as Moses must have
telt when gazing over the land of Canaan.

What is needed then is 2 means of determining at low cost
in time and effort the answers to these two questions: (a) Weat
are the factors which are 1ikely to be of influence in the
study, and (b) which are of greatest Iimportance. Whnen the
answers to these questions are ¥nown, the analyst can proceed
with the knowledge that, when the projlect is completed, he Will
nave thoroughly covered the subject within the 1imits prescribed.

With such 2 means at hand and used to its utmost capablil-
ities, exact factors of influence can be determined, leaving
tor tabulations and further study the determination of the ex-
tent of such influence under the various restrictions imposed
in the study. The purpose of this article 1s to describe a
means of obtaining in advance of tabulations 2 thorough under-
standing of the factors involved and a general ¥nowledge of
their relative importance. The Census has been using for the
past year a system which has amazing possibilities when used
in many research problems. The system provides 2 means of
keeping "visible™ at a1l times all items involved in the study,
and also a means of noting relationships existing between Lhese
items. Relationships between, and the relative importance of,
the various characteristics can actually be seen on the edges
of a pack of visual-analysis cards.

The principles involved in the visual-analysis system are
simple. Using the individuzl farm as an example, all possitle
characteristics descriptive of each tarm are coded and slotted
in edges of cards. The cards may be of any econvenient size and
shape. On each card is carried 2 prepared form to which I8
transcribed from all sources all of the information T0 be used
or considered in a particular study.
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Figure 1 shows the three stages of development of the cards.
The card at the top shows the prepared form ready for tran-
scription, the center card 1s a sample of the transcrived data,
and the lower card shows the same data coded and slotted in the
margins of the card. Note that noles are provided for each
code, but only the appropriate code is slotted for each 1ltem.

The particular cards used in this and all following 1llus-
trations were used in a special study mentioned in the opening
paragraphs of this chapter. Cards designed specifically for
visual analysis would be somewhat different. A layout for a
strictly exploratory visual-analysis card expected to be used
in the Census 1s shown later iIn figure 6.

For purpocses of simplification, only a few items or char-
acteristics of farms will be discussed. The purpose is to
explain exactly how the system works rather than to work out
any particular problem. Since 1t will be.well to become famil~
iar with these particular items in order to more readily umder-
stand the descriptions and illustrations to follow, a brief
1listing and a description of each of the selected ltems are
here given.

Referring to the upper edge of the top card, at the left
is a block of 7 holes labeled npepure.” A card slotted in the
first hole represents a farm operated by a full owner, or in
other words, the operator owns all oz the land he operates.
Slotted in the second hole the card represents a farm operated
by a part owner or a farm of which the operator owns a part
and rents a part from others. Code 3 refers to managed farms

and codes 4, 5, 6, and 8 to various forms of tenancy. Further
explanation concerning tenure will not be necessary.
In the block of 6 holes labeled "Size of tarm" the first

hole on the left refers to farms of less than 30 acres. The
second hole refers to farms of 30 to €9 acres, the third to 70
to 139 acres, the fourth to 140 to 179 acres, the fifth to 180
to 259 acres, and the last to farms of 260 acres and over.
Question 12 in the upper section of the printed form on the
card carries the acres in farm.

In the block marked "Mortgage" the left of the 3 holes,
with the word "Yes" printed underneath, is slotted when the
reply to Question 22 is tyes" and indicates that a farm is
operatéd by a full owner or part owner and carries a mortgage
on the land and, buildings of the farm. The center hole 1s
slotted if the reply to Question 22 is "No," indicating that
the farm is operated by a full owner or part owner and 1s
tree from mortgage. The hole at the right marked "Amt." is
slotted when the amount of the mortgage is shown In reply to
Question 23 on a full-owner OTr paft—owner farm.

Holes are slotted in the block marked "Co-op" in accordance
with replies to Questions 34, 35, and 36, a reply of "Yes"
indicating that the farm operator did business with or through
the kind of cooperative organization shown. The 3 types
of cooperatives shown refer to selling, buying, and service
cooperatives.

Holes in the blocks for "Autos,” #rrueks," and "Tractors,”
are slotted in accordance with replies to these questions In
the body of the card. In each group the hole to the left is
slotted if the year of latest model is 1938 or later, the
center hole is slotted if the year of latest model is 1931 to
1935, and the right hand nole is slotted if the year of latest
model is earlier than 1831. In addition, to conserve space by
not using an additional hole in each set, the right hand hole
was slotted whenever a machine of any year model was resoorted.
Thus, every card showing a machine reported was slotted in the
right hand hole and if the year of latest model was before
1931, no other holes in the block were slotted. If the year
of latest model was 1931 or later, one of the other two holes
in the appropriate block was slotted.

In this discussion, only the left hand hole of the block
marked "Electric" will be noted. This hole is slotted when-
ever the reply to Question 47 indicates that there was an
electric distribution line within 1/4 mile of the operator's
dwelling. The other two holes indicate the source of current
when the operator's dwelling was 1lighted by electricity. They
are "power line" and "home plant," respectively.

The hole marked "Tel" is slotted whenever the reply to
Question 49 indicated that a telephone was reported.

All other holes on the card were notched in a similar
manner in accordance with information shown on the card. For
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the purpose of this discussion, however, a clear understanding
is necessary of only thosé described.

After the material has been transcribed and coded and the
appropriate slots made in the edges of the card, the slots on
any individual card may be said to form a "pattern" for the
farm represented. Another farm having the same characteristics
would, therefore, have the same pattern of slots and, conversely,
any difference in the pattern tor individual farms would indi-
cate corresponding differences in their characteristics. In
figure 2 are shown such cards for three individual farms. Ex-
amination of these will show that as the characteristics of the
tarms change so do the patterns of slots.

Wnen a group of cards, each card representing an individual
farm, are placed together in a pack, the patterns of the in-
dividual farms are, of course, not visible. Only the edges
are exposed. Figure 3 shows a pack of approximately 550 cards
representing that number of individual farms. These particular
tarms are located for the most part in the Corn Belt. ¥hile
many of these farms with respect to any one characteristic are
similar, there are probably no two farms in the entire group
which have exactly the same individual pattern of characteris-
tics. But, as will be seen shortly, when two or more farms
have one similar characteristic as indicated by slots in the
same position, they are very 1likely to be similar in one or
more other characteristics, and as a consequence have corre-
sponding slots 1in similar positions. It 1s this coincidence
of slots representing simllar characteristics of farms which
forms the basis for the visual system of exploration being
described.

When a number of contiguous cards posSsess the- same charac—
teristic, this fact becomes evident in the appearance of a
groove formed by the several colncident slots. Any process
which places together all cards showing identically placed
slots has automatically selected from the pack all cards rep-
resenting farms similar in the characteristic represented by
the particular slot beling used in the selection. When these
cards are placed in a separate pack by themselves, the slots
representing this characteristic form a continuous groove a-
cross the pack. Figure 4 illustrates the manner in which
slotted cards are sorted.

Note that the "needle" has been inserted entirely through
the pack in holes provided 1In that position,and, upon being
raised, all cards that have been slotted in that position fall
and can be readily assembled with others having a simllar slot.
By simply sorting the cards, all farms possessing a specified
characteristic are placed together. When the various charac-
teristics are described by proper notation on the cards them-
selves, as has been done in these examples, the sorting of
farms by characteristics is simple and rapid.

Earlier in this chapter it has been stated that when farms
are similar with respect ta one characteristic, they are likely
to be similar with respect to others. In varying degrees,
certain characteristics are accompanied by certain other
characteristics and any change in the one 1s 1ikely to be ac~
companied by a corresponding change in others. The closer the
relationship between items, the more likely are these accom-
panying changes to occur. If the correlation were perfect
between two items, any change in one would always be accom-
panied by a similar change in the other. Such perfect corre-
lation, however, is hardly to be expected in any considerable
number of cards.

When a pack of cards, sorted according to any given charac-
teristic, 1s viewed from the edge, the slots representing that
particular characteristic, as has been sald, form a continuous
groove across the pack. Slots representing other characteris-
tics most closely related to the one used in sorting will tend
to assemble 1n a similar group. In case of perfect correla-—
tion, another groove would be formed across the pack. While
this rarely happens, it 1s not uncommon for as many as 90 per-
cent of the cards representing a group of farms possessing one
characteristic to also possess the same second characteristic.
less closely related characteristics will be represented by
fewer continuous adjacent slots forming grooves. By this means
the relative relatlionship between items can be Judged by the
relative frequency of coincidence of slots—the greater the
frequency of coincidence, the closer the relationship.
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FIGURE 5.—Pack of slotted cards before beginning exploratory studies of relationshipe.

It will be realized, of course, that all indicated rela-
tionships between items are not, of necessity, cause and effect
relationships. Changes in some items may be the effect of a
causal factor not Iimmediately evident. Especially is this
1ikely to be true when only a 1imited number of characteristics
are coded on the edge of the card as is the case in these ex-
amples. It is entirely possible that two or more character-
1stics carried on a limited card may vary in the same way and
sti1ll not be influenced by changes in each other. This, how-
ever, does not detract in the least from the value of visual
exploration. As nearly as possible, all characteristics should
be coded and slotted and any additional characteristics sus-—
pected of having 1influence, but concerning which information
1s not available, should be kept 1in mind during the entire
progress of the study.

since relationshlps are indicated by the Ifrequency of co-
inciding slots, we can speak of the relative frequencies of
the slots for each coded characteristic as the pattern of
characteristics for a group of farms. Hence, each time the
cards are sorted, a new group is brought into existence with
an accompanying new pattern of characteristics.

Before proceeding further, 1t ig important that the reader
pave clearly in mind that the cards herein used for 1llustra-
tive purposes are a portion of the cards used 1in 2 special
study and do not represent any particular group of farms.
Hence, relationships appearing in this and subsequent pictures
cannot be considered as being representative of farms gener—
ally or specifrically. On the other hand, the cards were not
selected to show outstanding characteristics of any kind. They
are strictly "run of the mill" cards and any similar group of
cards will work exactly the same way.
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FIGURE 4.—Sorting slotted cards by means of a needle.

Figure 5 shows the pack of cards sorted by size of farm.
The cards included between the limits of each continuous groove
represent all farms within the limits of each corresponding
interval described in the legend at the top of the plcture.

Having sorted the cards once, we are now in position to
note several characteristics of these farms as they relate to
this sort. In other words, the relationships of the various
characteristics to size of farm are now visible. The reader's
attention 1s probably first drawn to the column indicating
possession of an automobile. In this column the frequency of
slots 1s greater than in any other and Indicates that a very
high percentage of the farms report automobiles. But the fre-
quency of slots is not uniform throughout the length of the
column. At the top of the column, only an occasional card is
not slotted, but as the eye travels dowaward the unslotted
cards become increasingly numerous. It 1is evident that a
greater proportion of the operators of the smaller farms are
without automobiles than is the case with the operators of the
larger farms.

Tenure also changes with size of farm. In the farms of
less than 70 acres (those included in the first two size bands
in the lower portion of the picture) the proportion of full
owners is much higher than in farms larger than 70 acres. An-
other very noticeable item 1s that there are practlcally no
part owners operating these smaller farms. However, near the
top of the part-owner column, particularly on farms of 260
acres and over, there are more part owners than full owners.

The next observation of interest is the fact that the slots
in the "Yes" column of the mortgage group tend to increase in
frequency with increase in size of farm when compared with the
slots 1n the ™"No" columm. Therefore, it can be definitely
stated that on the farms represented by these cards, the pro-
portion of mortgaged farms Iincreases as the size of fdrm
increases.

In the field of cooperative business, little 1s shown In
the groups of less than 70 acres, but 1t is rather uniform
above this point.

Proportion of later model automoblles (1936 and later)
seems to increase with size of farm.

Some relationship can be seen between trucks and size of
farm.

Farms reporting tractors very definitely Iincrease with
size of farm.

Farms with electricity available (distribution line within
1/4 mile of operator's dwelling) are relatlively more numerous
in the smaller sizes, but telephones are distributed in the
opposite direction—more of the larger farms reporting tele-
phones.

Summarizing the above observations:

1. Items which vary directly with size of farm—

a. Part-owner-operated farms.
b. Proportion of owned farms reporting mortgage.
c. Cooperative business.
d. Automobiles.
e. Trucks.
f. Tractors.
g. Telephones.
2. Items which vary inversely with size of farm—
a. Full-owner-operated farms.
b. Availability of electricity.

The discussion up to this point has been for the purpose
of acquainting the reader with the general features of the
system before including too many details as to how it may be
used. The main purpose of this chapter will be to present to
the reader as clearly as possible by means of 1llustrations
and descriptions the general features of the system leaving
i1ts adaptation to particular fields of research to the imagi-
nations of the research workers interested.
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The number of cards which can be conveniently handled in
any given project is limited. Probably 10,000 cards is near-
ing the maximum for most Jobs unless the work divides itself
early in the study. For exploratory work which does not in-
clude too much detall a number less than one-~half this large
will probably be adequate. In general, the greater the number
of characteristics involved, the greater will be the number of
cards required. As the detail increases the number of ramifi-
cations, the ultimate groups will become too small for stabil-
ity of results if too few cards are used. ’

For small jobs in which the number of reports is only a
tfew hundred or, in some cases, a few thousand, the entire
study may be made from the cards without additional punching
and machine tabulation. Pick-ups may be made of the transcribed
data directly from the cards by means of adding machines.

For larger jobs in which the number of reports is so large
as to make the cost of hand tabulations too high, a sample of
the reports may be taken and explorations made by means of
visual analysis. Since the greatest value of the card lies
in its use for visual analysis, most of the exploration lsmade
without tabulations of any kind and without even counting the
cards. A draftsman's divider is usually all that 1s necessary
for cuickly measuring the lengths of grooves, when it is de-
sirable to record them for future reference. Rarely will 1t

become necessary in an exploratory study to record other than’

FIGURE 5.—Cards sorted to show the relationships existing betl
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relative lengths of grooves, at least in the early stages.
Occasionally it will be desirable to count the cards showing
certalin characteristics and record the counts.

Not the least of the advantages of the visual-analysis
cards is the fact that all of the operations can be performed
by the person most interested in the work or responsible for
the planning and direction of the work. When the final plans
have been completed, the researcher kmows from his own person-
al study of the cards what the results will be and that com-
plete tabulations will furnish the statistical proof of his
conclusions.

Knowing the relationship between the varlous characterlstics
of farms is a valuable ald in much of the work of the Agricul-
ture Division of the Bureau of the Census. Presentation cf
results is being constantly improved through studles of rele-
vancy, making the published data more valuable and more adapi-
able to the needs of the users of such data. In this connec-
tion, one of the principal advantages is the tfact that after
the cards have been prepared and tabulations originally planned
have been completed, subsequent tabulatlons suggested by re-
sults of the originals can be made at comparatively low cost.
The cards are drawn up in such manner that each card carries
all of the information concerning a perticular farm and/or
family, and may be used In every conceivable combination or
separation without further preparation.
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In figure 6 is shown a.layout of a card being developed
for purely exploratory work in the Division of Agriculture of
the Census. It is shown here merely as an example of such
layout and to {1lustrate certain refinements not included on
the cards used in the examples. It is strictly a visual-anal-
ysis card. In order to conserve space, many of the descrip-
tive terms have been S0 shortened as to De unintelligible
without a key unless the user is familiar with these terms. It
can be seen readily, however, that provision has been made for
coding and slotting on the outer edge of the card a much
greater number of characteristics than was possible on the
cards used in the other 11lustrations in this paper.

The card has two important features which distinguish 1t
from cards designed primarily for tabulation purposes. Being
a2 visual-analysis card, the arrangement of the bands, oOr
frequency groups, in two lines of holes 1Is definitely for the
purpose of increasing the ny1sibility” of the relationships.
Most of the bands in the outer row are combinations of two or
more bands in the immer row. Thls serves to increase the group
interval in frequency distributions without sacrificing the
narrower groupings when a more detailed break-down becomes
desirable. The wider Iintervals serve to avoid a scattered
appearance Wnen the range of relevancy may be within rather
parrow limits. If too many bands are used in the ounter row,
there is a possibility that a relationship might pass unnoticed
due to the fact that the slots for a particular characteristic
might scatter among three groups, whereas 1f the three groups
were combined, all would fall in the same slot. This feature
ig of greatest importance when the number of cards 1s limited.
Another, and by no means small, advantage of the double line
methed of coding and slotting 1s that it greatly increases the
capacity of the card.

HANDBOOK—CENSUS OF AGRICULTURE: 1940

The other feature of the card 1s the arrangement of the
material on the body of the card designed to facilltate tran-
scription and coding. Once these operations have been com-
pleted relatively 11ttle use 1s made of the figures themselves.
Therefore, ease of locating and reading the transcribed 1tems
should be subordinated to ease of transcribing data to the card.

The cards used in the other illustrations accompanying
this article are rot exploratory to the same extent as the lay-
out shown in figure 6, but for purposes of explaining the use
of visual-analysis cards they will serve just as well. Only
the items described earlier in this chapter will be noted. It
can be seen readily, however, that a card prepared according
to the sample layout would provide many more items for a study
of relationships.

By way of bringing out the reliability of the patterns of
characteristics as observed on the edges of sorted cards ina
pack, the cards were equally divided in each size group and the
halves assembled in two packs making two groups of cards sorted
by size of farm (zigure 7). With but slight variations 1in
degree, exactly the same relationships appear in each half of
this pack as were described in the explanation of figure 5.
The size-of-farm pattern would, of course, be identical in both
parts.

At this point it might be expected that all information
had been obtained concerning relationships between size of farm
and the items under observatlon. Except for the fact that each
of the observations previously made can now be brought out in
"hold relief” as it were, this 1s true. Not infrequently,
however, in making an exploratory study, some of the observa-
tions are quite contrary to what was expected and the re-
searcher desires further proof. If each of the relationships
is approached through another avenue and similar results ob-
tained, the added evidence 1s most welcome.
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FIGURE 8.—Cards sorted to show the effect of temure on size of farm; also, that some characteristics related to size of farm are not affected by temure.

In fizure 8 the cards have been sorted by tenure after the
two halves of each size-of-farm group had been reassembled. It
will be recalled that after the initial size sort, the full
owners appeared to decrease as size of farm increased with the
opposite trend for part owners. All of the full owners are
now together 1n the lower section of the pack and all of the
part owners in the center section. A direct comparison can be
made of the size-of-farm patterns for each group. If the
original observation 1s true, a comparison of the two patterns
should show increasing proportions of each size group being
represented in the part-owner section, starting with a rela-
tively small portion in the smallest size group. This Is ex-
actly what 1s visible on the edges of the cards. The part-
owner section shows only a very small proportion of the cards
in the "Under 30" acre group, none in the "30 to 69" acre group,
but above that point shows increasing proportions when com—
pared with similar groups in the full-owner section.

In order to record this relationship for future reference
(photographs such as these would be perfect if suitable equip-
ment were easily avallable),the patterns of size of farm may be
plotted. A simple and rapid method 1s to chart the different
lengths of grooves in a manner that will show their changing
relations. Figure 9 illustrates the changes taking place 1in
the relative lengths of grooves as the farms increase in size.

A method requiring more time, but having the advantage of
slightly greater accuracy, is an actual count of the cards in
each group, and either plotting the values directly ar expressed
as a percentage of the total cards in each section.

At every sorting of the cards new concentrations of slots
appear. Hence, no new sort should be made until all relation-
ships are examined in the light of the current sort and com-
pared with previous relationships noted. Beginning at the left
of the pack, an item not mentioned before is the relatlonship
of the different kinds of tenancy to size of farm. This is not
an item 1n which we will continue to be interested in this
paper, but is mentioned here as an example of the versatility
of the system. Cash tenants represent the majority on the
smaller farms, but practically disappear on farms of about 140
acres and up. Share-cash and share tenants occur in the re-
verse order, starting with farms of about 70 acres.

It 1is plainly evident in the mortgage block that a much
higher proportioan of part-owner farms are mortgaged than is
true of full-owner farms.

The cooperative picture shows little relationship to tenure,
the concentration of slots increasing with size of farm In each
of the three groups of cards.

In the matter of automobiles, there is a definite tendency
for more full owners to be without cars than for tenants. Con-
siderably more than one-half of the group not reporting auto-
moblles are full owners, while somewhat less than one-half of
the group reporting automobiles are full owners. The next sort
will be on automoblles and, 1f the sorting is carefully done in
order to disturb the tenure sort as 1little as possible, this
relationship will again be evident.

Trucks are reported most often on part-owner farms, and
more often on full-owner farms than on tenant farms.
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Tractors are reported more often on tenant and part-owner
operated farms, which groups also have most of the larger fams.
Electricity seems available to full owners, part owmers,
and tenants alike, but is available more often to the smaller

farms than to the larger farms.
The number of farms with telephones, agaln, increases with

the size of farm.
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In general, the same relationships are apparent as was true
in the first summarization of relationships with some signifi-
cant additions due to the tenure sort. The characteristics
found to be related either directly or indirectly to tenure
were size of farm, mortgage, automobiles, and, possibly, trucks
and tractors.
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In figure 10 the cards are shown sorted by azutomobiles re-
ported and not reported. Sorts on mortgages and cooperative
business were omitted in the interest of brevity. However, as
was evident in figure 8, these characteristics need not be lost
to sight.

In this sort we again have the different groups (two in
this sort) returned to the size-of-farm sort in order to com-
pose the patterns. The contrasting patterns in figure 11
plainly show that as the size of farm increases, the number of
farms without automoblles rapidly decreases.

After beginning at the left for a check on relationships,
the statement made in a preceding paragraph concerning the re-
laticnship of automoblles to tenure can be checked. Of the
farms not reporting automobiles (cards below the heavy divider
card) nearly two-thirds are full-owner farms. A glance at
ficure 8 shows that approximately one-half of all farms, in-
cluded in the study, are full-owner farms. Or better than this
by the use of a divider, the accumulated lengths of grooves
representing full owners in each case can readily be obtained.
Comparison will then show that while approximately two-thirds
of the farms not reporting automoblles are full-owner farms,
less than one-half of the farms reporting automobiles are full-
owner farms.

On the other hand, it has already been noted that the
larger farms are operated for the most part by other than full
owners. Hence, the apparent relationship between tenure and
zutomobile ownership may, in reality, be a relationship between
size of farm and automobile ownership or both may be Influenced
by items not shown on the card. It is highly probable, how-
ever, that characteristics having to do with size of operations
would be prominent in the list, of which size of farm is as a
rule one of the most significant. Were several such Iitems
"yisible" on these cards, the proper relationship could easily
be discovered.

A natural impulse in a situation of this kind Is to bring
all like reports together in order to roughiy mezsure the in-
fluence of a given characteristic. For example, fcllowing the
sort shown in figure 10, on observing the relaticnship between
autcmoblles reported and size of farm, it might sSeem deslrable
to sort for each size-of-farm group, the reports and nonre-
ports for automobiles and note the relative number of slotted
and unslotted cards in each group. In many cases this will be
found desirable as new relationships will appear associated

HANDBOOK—CENSUS OF AGRICULTURE: 1940

with the reporting (or nonreporting) of automoblles by size of
farm. However, the number of groups of cards has been doubled
and instead of a compariscn between two size-of-farm patterns,
the researcher must now compare slx automobile patterns (one
for each size-of-farm group). Added to this is the fact that
owing te the fewness of cards in some of the groups, the ob-
servation would very likely be erratic.

In actual practice, it is usually found desirable when ex-
ploring the possibilities of the data to keep all or most of
the cards in use in order that as many of the cards as possi-
ble be permitted to tell the story after each sort. In other
words, 1f the primary purpose 1s to determine what 1tems are
related to size of farm, it is preferable to sort the cards
each time in a manner to show the change made in the size-of-
farm pattern. This has the advantage of keeping down the num-
ber of groups into which cards are sorted and also 1f the item
on which the cards are-sorted is not broken down into too many
groups, the changes In the size-of-farm pattern may be plotted.
On the whole, it systematizes the procedure. Any deviation
from a specific procedure should be planned with a view to re-
turning to the original with as little disturbance as possible
to the previous sorts.

Returning to the discussion of relationships apparent after
sorting the cards on automobiles, the followlng observations
may be made concerning the farms represented by the cards used
in these examples:

Fewer mortgaged farms are found among those not reporting
automoblles.

Very 1little cooperative business 1s done from farms not
reporting automobiles.

Trucks are reported no more frequently on farms without
automobiles than on farms with automobiles.

The lack of desire for mechanization apparently carries
over into tractors. Very few tractors are reported on farms
without automobiles, even with size of farm given full con-
sideration.

Availability of electricity decreases with increase In size
of farm regardless of autcmobile ownership. But it is also
guite obvious that electriclty 1s avallable on a smaller pro-
portion of farms not having automcbliles than on those that do
have.

Telephones seem somewhat scarcer on farms without automo-
biles, but are relatively more numerous on the larger farms In
both groups.
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0f the items under observation, trucks have been less in-
fluenced by the different sorts than have the others. In fig-
ure 12 the cards are shown sorted according to whether or not
2 truck was reported; those indicating truck ownership are be-
low the heavy line.

The chart shown in figure 13 indicates rather definitely
that a greater proportion of farms in the larger sizes report
trucks than do those in the smaller sizes.

A somewhat greater proportion of the farms not reporting
trucks are mortgaged.

The distribution of farms doing business cooperatively is
quite similar.

No significant difference is noticeable between automo-
bile ownership In the two groups. Apparently about as many

HANDBOOK—CENSUS OF AGRICULTURE: 1940

operators reporting trucks report automoblles as do those not
reporting trucks.

A somewhat greater number of truck owners report tractors
than is the case with those not owning trucks.

The avallability of electriclty appears somewhat different
in the two groups. If anything, this 1item increases In fre-
quency with increase in size of farm for farms reporting
trucks, while for farms not reporting trucks, the opposite is
true. As a factor to be included in a study of plane of 1liv-
ing of the farm operators represented by those cards, this item
should be included.

The distribution of telephones is practically the same for
both truck owners and nonowners.
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A sort of the cards by ownership of tractors (figure 14)
shows a distinctly different size-of-farm pattern Dbetween
tractor owners and nonowners. In rfigure 15 the respective
patterns are in striking contrast.

Tractors are definitely associated with the size of farm.

A somewhat greater proportion of farms having tractors are
mortgaged.

More tractor farmers do business through cooperatives than
do nontractor farmers.

Practically all tractor farms have automoblles while many
farms without tractors do not.

Tractor farms are more 1ikely to have a truck than are
nontractor farms.

Farms near an electric distribution line are more likely
to have tractors.

Telephones are found more often on tractor-operated farms
and seemingly with less regard to size of farm than is true of
farms without tractors.

From the above observations, it 1s apparent that, among
the operators represented by this sample, possession of a
tractor is accompanied by a greater proportion of automobile
and truck owners, and also operators with electricity avallable,
than 1s true of operators without tractors.

The foregoing description of procedures 1s an attempt To
clearly demonstrate the following:

1. By using an easily nandled card or sheet, desired

characteristics can be shown on the edges by assign-
ing specific locatlions to each desired characteristic.

2.

In this procedure slots are used to indicate the
characteristics shown by the farm or operator In
order that these same slots may be used in sorting
the cards.

The slots on each card representing a farm form a dis-
tinctive pattern of characteristics for that farm.

When the cards are assembled in a pack and sorted into
groups based on frequencies or bands, the grooves
formed by the coincident slots form a pattern of that
particular characteristic for the farms represented
by the pack of cards.

Coincidence of slots representing characteristics other
than the slot being used in sorting indicates rela-
tionships.

When a pack of cards 1s sorted according to any par-
ticular characteristic, the resulting concentrations
of slots accompanying the primary sort furnish a
pattern of characteristics for the farms represented.

When a pack of cards 1s sorted according to any par-
ticular characteristic, the greater the accompanying
concentration of slots in any of the other charac-
teristics, the closer the relationship between that
characteristic and the one used In sorting. This is
true providing, of course, that subsequent investi-
gation does not disclose a variable that has been
hidden up to that point.

Relationships are visible. Presence or absence of re~-
lationships is determined usually without tabulations
other than occasional counting of the cards.
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Figure 18 shows the cards sorted by progresslve selection,
a method which successively selects farms on the basis of
specified characteristics. In this particular sorting the
problem was to study the outstanding characteristics of "power”
tarms—those reporting possession of automobiles, trucks, and
tractors, and also having electricity available.

The steps as far 28 shown in the illustration were pre-
determined, but it can readily be seen that by using a larger
number of cards, particularly cards prepared In a manner to
have more characteristics visible on the edges, 2 study of re-
lated characteristics would be rapid and accurate.

An outstanding feature of this method is the fact that an
accumilation of characteristics is visible at all times. In
any method 1t 1s usually necessary to do much trial and error
grouping as the various related ltems are considered. By the
use of visual-analysis cards, this exploratory grouping becomes
a method of study with no chance of losing sight of any impor-
tant item. MNo laborious labeling of different piles is neces-
sary, nelther 1s any great amount of space required. The
groups of cards are self-labeled and any particular group may
at any stage of the process be incorporated with another group.
Negative groups may be investigated from time to time as a
check on the direction the study is taking. As an {llustration
of this point, after determining a number of characteristics
of power, 1t might pe enlightening to compare these with the
presence or absence of similar characteristics of farms not
reporting some of the power items. This could be done quickly
by running through the negative group in the same manner as
the positive group. 1 some of the characteristics which were
apparently related to power farms also appeared in significant
strength in the nonpower group, this fact would be instantly
visible. In addition, thelr comparative 1nfluences could be
easily measured and the presence of intercorrelation could be
determined. '

With a large number of characteristics carried on the cards,
the relationships and interrelationships become a fascinating
study. For example, consider the occasional ltem which 1s re-
lated to the primary sort only when accompanied bya third item
A case in point would be farms reporting home plants for the
procuction of electricity. Some of these farms have electricity
availlable from & power line and some do mot. It can De seen
readily that the associations to be noted in the group report-
ing home plants with electricity avallable from a power line
could be very different from those reporting home plants with-
out the power line. The possession of a home plant when elec-
tricity was not available from & power line might be a charac-
teristic associated with progressive farms,while the reporting
of a home plant when electricity was avallable from & power
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line might mean Just the opposite. Such interrelatlonships
are extremely difficult to keep in mind by hand grouping of
reports or by mechanical sorting of cards, but by the use of
visual-analysis cards they can hardly be lost to sight.

No attempt has been made in this article to evaluate the
importance of visual analysis to statistical research or to
any kind of research. To the researcher who has long struggled
with the innumerable problems involved, some of the advantages
of visual analysis will be immediately obvious. It is believed
that actual use of the system will convince even the most
skeptical that 1t {s a worthwhile contribution to an important
field of human endeavor.

The possibilities in the use of visual analysis have by no
means been explored to the 1imit. On the contrary, the possi-
ble uses of the system are probably little reallized. With
anything so rundamental as a knowledge of relationships to
proper understanding and evaluation in problems ol research,
any Iimprovement in procedure that will contribute to this
nowledge is a valuable addition. Many projects heretofore
started on the basis of conjecture or, in many cases, pure
guesswork, can now be carried through from the start on a sound
basis.

The present article has been devoted to the use of visual
analysis in purely statistical studies. This is by no means
its only application. It is adapted to studies 1in the fields
of sociology and economics, in sumarizing and analyzing the
results of experimental work of many kinds, and in personnel
management, to mention just a few. Used in personnel studiles,
for example, with a card tor each employee, the card provided
with means of Iindicating by slots as many as possible of the
characteristics assoclated with the employee and his job, 1t
is obvious that there can be no practical limit to the amount
of exact information that could be obtained. A sort of cards
on the basis of age, for example, could well list the specifi-
cations of jobs best suited for the difterent age groups. Or
sorted according to educatlon, determine the value of educa-
tion in the various jJobs. Or, in the case of a large factory,
all of the cards showing accldents could be segregated and the
group compared with the no-accident group. Immediately, sev-
eral factors of influence 1In accident prevention would be
visible.

The cards shown in the i11lustrations in this chapter were
used in connection with a special Job done for the Meredith
Publishing Company of Des Moines, Towa. A card somewhat simi-
lar is being used in connection with special work for Magazine
Marketing Service of New York City. Samples of the uses made
of material assembled for these agencies are shown in chapter
III, "Uses of Agriculture Statistics in Business and Research,”
of this publication.
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